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The endarterectomy-produced common 
carotid artery step: A harbinger of early 
emboli and late restenosis 
Joseph P. Archie,  PhD,  MD,  Raleigh, N. C. 
Purpose: This study analyzes the role of  the carotid endarterectomy (CEA)-produced 
common carotid step or shelf on early and late CEA outcome. A simple method of  
reconstruction that covers the exposed media and intima of  the step and smooths out the 
flow channel is presented. 
Methods: Since 1984 intraoperative geometric measurements were made on 1019 CEA. 
Duplex scans were made after surgery on 968 (95%); 234 (23%) were monitored for at least 
5 years. Of  the first 920 CEA, 261 (28%) had a step _>2 mm. Of  the last 99 operations, the 
27 (27%) with a step >2 mm had inversion plication reconstruction of  the step. 
Results: Three patients had early post-CEA neurologic events attr ibuted to a common 
carotid step, two had transient ischemic attacks, and one had a mild stroke. All three had 
a CEA-produced step ->2 mm (1.2% of  261, p = 0.03 when compared with no unexplained 
early neurologic events in the 659 without a step). Duplex scans were normal in all three 
except for a common carotid artery step. Six patients had seven reoperations for common 
carotid artery restenosis at 23 to 104 months (mean 73 months) after CEA. All had a step 
->2 mm at the origin CEA (2.7% of  261, p = 0.001 when compared with no reoperations 
for common carotid artery stenosis in the 659 CEA without a step). All but one patient had 
>75% restenosis. Four were asymptomatic. All seven with restenosis were within 2 mm of 
the original common carotid end point step. Four restenoses were concentric, two 
eccentric, and one ulcerated. Six of  the seven arteries were originally reconstructed with a 
greater saphenous vein patch that extended 3 to 6 mm proximal to the step. Early 
postoperative duplex scans of  the 27 recent CEA with step reconstruction demonstrated 
a tortuous but smooth common carotid artery flow channel. 
Conclusion: The CEA-produced common carotid artery step is a potential source of  both 
early postoperative emboli and late restenosis. The incidence is approximately 4% in 
patients with a CEA step >2 ram. CEA vein patch reconstruction does not prevent 
restenosis in the region of  the step but may lower the incidence. Although not proven, 
reconstruction techniques directed at covering the exposed step media and intima and 
smoothing the flow channel may favorably alter outcome. (J Vasc Surg 1996;23:932-9.) 
The recognit ion and acceptance o f  outcome as the 
single most important  factor in carotid endarterec- 
tomy (CEA) furthers the impetus to optimize the 
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technical aspects of  this operation. 1 Gold standard 
outcomes are only achieved by attention to multiple 
details o f  CEA. Prevention o f  early postoperative 
embol i  and internal carotid artery thrombosis are 
major components  of  this goal. As techniques of  CEA 
have evolved, much attention has been given to 
managing the internal carotid end point  and patching 
reconstruct ion. Management  o f  the external carotid 
artery during routine CEA has also been addressed. 2'3 
Except for identifying the frequently produced com- 
mon carotid artery end point  step or shelf as the 
second most common location o f  residual disease 4'5 
and early recurrent stenosis, 4-r little attention has 
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been given to this residual defect. It has rarely been 
mentioned as a possible source of early postoperative 
neurologic events 8 or as a focus of late restenosis.6 No 
correlation between the presence or magnitude of a 
step and both early postoperative embolic symptoms 
and severe late restenosis has becn identified, and 
reconstructive methods of the step have not been 
described. It is generally agreed that the arteriotomy 
and common carotid artery end point should be 
carried proximately to remove as much of the disease 
as possible. However, this may not eliminate asignifi- 
cant common carotid step in many patients. In 
addition, a small proximal dissection is inherently 
produced when elevating the deep media to pcrform 
the circumferential division. Completion of the com- 
mon carotid end point often results in an eccentric or 
concentric, thick, exposed, and mobile surface of 
media and intima that may be a source of hemody- 
namic disturbance, thrombus formation, and athero- 
sclerotic or thrombotic emboli. 
This study reports on the outcome of patients 
with a CEA-produced common carotid artery step 
measured at operation. Two significant findings are 
identified, and a reconstruction technique is pre- 
sented. 
METHODS 
Patients and operations. In the 11-year period 
from March 1984 to March 1995, intraoperative 
geometric measurements that included the depth of 
the common carotid step or shelf and its distance from 
the carotid bifurcation were made in 1019 of the 1046 
primary CEA performed by the author. The indica- 
tions for these 1019 CEA were transient isehemia in 
399 (39%), asymptomatic >75% diameter stenosis in 
328 (32°), stroke in 151 (15%), nonlateralizing 
global symptoms in 113 (11%), and reversible 
ischemic neurologic deficits in 28 (3%). Of  the mea- 
surement group, 966 (95%) had patch reconstruc- 
tion, of which 838 (87%) were performed with greater 
saphenous vein and 128 (13%) with synthetic mate- 
rial. Primary closure was used in 53 (5%). A shunt was 
used in 108 (11%) on the basis of carotid stump back 
pressurc criteria. 9 All operations except one were 
performed under general anesthesia. Preoperative 
arteriograms were performed on all but two patients. 
The common carotid arteries were exposed 2 to 3 cm 
proximal to any common carotid stenosis apparent on 
the arteriograms. Hemostatic control of the common 
carotid was obtained with elastic loops in all CEA. 
These were placed or replaced 1 to 2 cm proximal to 
the arteriotomy. After occlusion and before arteri- 
otomy the common carotid artery was routinely 
palpated proximal and distal to the elastic loop to 
access the extent of any significant atheroma. In 
patients with extensive common carotid artery 
plaque extending far proximally, no attempt was 
made to remove more than the first 1 or 2 cm if 
the lumen internal diameter was uniform. After 
opening the artery the proximal arteriotomy was 
extended to provide adequate visualization of the 
disease and provide exposure for the circumferen- 
tial cutting of the media-intima common carotid 
end point. A complete common carotid end point 
with feathering is extremcly rare in my experience 
with deep media endarterectomy. If it was deter- 
mined that extending the artcriotomy and end point 
step proximally would give a less thick step, this was 
done. Any obvious dissection flaps or irregularities 
in the step edges were trimmed. My experience is
that it is difficult to producc a common carotid 
end point that does not have some degree of ir- 
regularity and deep media dissection, particularly in 
steps >2 mm. 
Measurements. A caliper was used to measure the 
various carotid artery diamcters, arteriotomy lengths, 
end-point distances relative to the carotid bifurcation, 
and patch dimensions as wcll as the maximal thickness 
of the step or shelf produced at thc common carotid 
endpoint when it appeared to bc >1 mm. Whereas 
most intraoperative gcomctric measurements can be 
made to within 0.5 mm, the dissection produced 
when dividing the step and the small depth of most 
common carotid artery steps mal<es precise and accu- 
rate measurements of this dimension difficult. Steps 
were measured as minimal, 1 ram, 2 mm, or >3 mm in 
maximal thickness. In addition, the circumferential 
configuration of the step was classified as concentric 
or eccentric. Of the 920 primary CEA performed 
before April 1994, 261 (28%) had a step >2 ram. No 
reconstruction method was used on the common 
carotid artery step in this group. Of the 99 primary 
CEA performed since that time, the 27 (27%) with a 
concentric or eccentric step >2 mm wcre recon- 
structed as described below. 
Follow-up. Patients were initially monitored with 
conventional duplex scanning (Ultramark 8, Ad- 
vanced Technology Laboratories, Bothell, Wash. )and 
in thc past 5 years with color flow duplex scanning 
(Ultramark 9, Advanced Technology Laboratories). 
Doppler velocity criteria for common carotid stenosis 
arc not well established. In this study, pcak systolic 
velocity _<110 cm/sec was considered normal, peak 
systolic velocities >110 cm/sec but <160 cm/sec 
indicated <50% stenosis, peak systolic velocity >160 
cm and end-diastolic velocity <90 cm/sec indicated 
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Fig. 1. Illustration of technique used to reconstruct om- 
mon carotid step. First 2 to 4 mm of endarterectomized 
artery is brought up to cover exposed intima and media with 
running stitch. 
50% to 69% stcnosis, and peak systolic velocity >160 
cm/sec and end-diastolic velocity >90 cm/sec indi- 
cated >70% stenosis. These values were determined 
from sensitivity-specificity receiver operating charac- 
teristic curves constructed from blinded readings of 
230 carotid arteriogram in patients in whom the 
duplex scans were performed on the same machine by 
our technologist. They were obtained for internal 
carotid artery stenosis. Studies were advised at 1 to 2 
months, 6 months, I year, and annually thereafter. Of  
the 1019 operated arteries, 968 (95%) were scanned 
at least once in the first 6 months. Five-year or more 
follow-up was obtained on 261 (28%) arteries. Pa- 
tients were communicated with annually by letter. 
Patients with contralateral 40% to 50% stenosis or 
greater or evidence of ipsilateral recurrent stenosis 
were strongly encouraged to undergo annual duplex 
scanning. 
Reconstruction. The 27 most recent arteries 
with a step ->2 mm in thickness were reconstructed by 
inversion plication of the step with a running 6-0 
polypropylene suture as illustrated in Fig. 1. This 
technique brings the first few millimeters of the 
endarterectomized segment up over the exposed cut 
edge of media and intima. The additional operative 
time to perform this adjunctive measure is <5 min- 
utes. I f  circumferential reconstruction is necessary, 
the suture ends were tied to the running suture used 
in patch reconstruction. I f  a partial repair of  an 
eccentric step was done, the suture was primarily tied. 
All 27 arteries undergoing step reconstruction also 
had patch angioplasty. 
Statistical methods.  Probabilities were calcu- 
lated by a two-tailed Fishers' exact test. 
RESULTS 
Operative and postoperative measurements.  
The depth of the common carotid artery step was _>1 
mm but <2 mm in 436 (43%), _>2 mm but <3 mm in 
250 (25%), and ->3 mm in 38 (4%) CEA. The 261 
unrepaired and 27 repaired common carotid steps _>2 
mm were concentric in 89 (31%), eccentric but 
constituting 180 degrees or more of the circumfer- 
ence in 159 (55%), and focally eccentric in 40 (14%). 
The distance from the step to the origin of the internal 
and external carotid arteries was 11.4+4.3  mm 
(mean + 1 SD, range 5 to 53 ram). This distance was 
___17 mm in 10% of CEA and _>14 mm in 25%. The 
distance from the common carotid end of the arteri- 
otomy to the bifurcation was 16.3 _+ 4.5 ram. Early 
postoperative duplex studies for two patients are 
given in Fig. 2. In general, follow-up duplex scans at 
1 year do not show a significant change from the early 
postoperative step geometry except that any flap 
usually disappears. 
Early neurologic mortal i ty  and morbidity. 
There were no neurologically related deaths in the 
30-day perioperative period. Fourteen (1.4%) pa- 
tients had a stroke. Five of these awoke from anesthe- 
sia with a stroke. One was in the posterior circulation 
distribution, one from internal carotid thrombosis, 
one from emboli from a shunt, one from emboli from 
the external carotid artery, and one from emboli from 
an unrecognized ulcer 3 cm from the origin of the 
internal carotid artery that was manipulated before 
clamping. 
The other nine strokes occurred postoperatively. 
Four were from the hyperperfusion syndrome. Three 
were contralateral to the CEA or in the posterior 
circulation. One was metabolic-cardiac induced. 
One patient had an embolic stroke from a common 
carotid artery step. This stroke occurred in the re- 
covery room after awaiting from general anesthesia, 
affected the contralateral shoulder girdle, and re- 
solved in 2 months. This patient had a 2 mm un- 
repaired common carotid step. The step with a 
leading edge flap was the only defect identified on 
duplex scan. 
Twelve patients had one or more transient is- 
chemic attacks in the 30-day period. Four were caused 
by hyperperfusion syndrome. Three had brief focal 
motor events identical to preoperative symptoms, two 
awoke with mild deficits that cleared within 2 hours, 
one was from an internal carotid occlusion, and two 
were associated with an unrepaired common carotid 
artery step. Of  the latter two, one patient had a single 
mild motor arm transient ischemic attack on the first 
postoperative day. The other patient had contralateral 
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Fig. 2. Duplex scans of two common carotid steps obtained 1month after CEA. Top arrowsare 
beginning of patch reconstruction. Bottom arrows are steps. Rise or lip at step of right carotid 
artery above is frequently observed feature in unrepaired >2 mm step. Small flap at leading edge 
of step in left carotid artery above is also frequently seen in first 6 months after CEA. Dimensions 
of right and left carotid arteries are, respectively: common carotid external diameter 9.4 mm and 
10.2 mm, carotid bulb external diameter 12.2 mm and 13.1 mm, and step thickness 3.1 mm and 
3.5 mm. 
arm and leg transient weakness on the sixth and sev- 
enth postoperative days at home. This patient was re- 
hospitalized, given heparin, and received coumadin 
for 6 months. Both patients had 2 -mm common ca- 
rotid artery steps noted at operation and on postop- 
erative duplex scans. The latter had a clear flap at the 
leading edge of  the step. None of  the three patients 
with postoperative neurologic symptoms from a com- 
mon carotid step were reoperated on, Overall, 3 of  the 
261 patients (1.2%, 95% confidence 0 to 2.5%) with an 
unrepaired common carotid step >2 mm had a neuro- 
logic event attributable to the step whereas none of 
the 659 with a step of  <1 mm had an unexplained 
postoperative neurological event (p = 0.027). 
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Fig. 3. Arteriogram of ring-like restenosis in patient 6 years after CEA with residual circum- 
ferential 2 mm common carotid step and saphenous vein patch reconstruction. 
500- 
,9, 
450 - 
0 
>- 
[U 400- 
I'- 
_ 350- 
S 
< 300 
z 
O 
250 
0 
0 
Z_ 200- 
0 150- 
100- 
0 
~ 50- 
~ o 
YEARS POST CAROTID ENDARTERCTOMY 
Fig. 4. Time course of recurrent stenosis at common 
carotid step in seven arteries r quiring reoperation. 
Of  the last 99 CEA, there was one stroke. This was 
caused by intraopcrativc embolization in one of the 
72 CEA without a step. None of the 27 patients with 
a repaired step had a neurologic event (p = 0.56). To 
reach a p value of 0.05 required approximately 350 
reconstructed steps without an unexplained ncuro- 
logic event. 
Restenosis. Over the follow-up period, 7 of the 
161 (2.7%, 95% confidence 0.7% to 4.7%) carotid 
arteries with a step _-_2 mm were reoperated on 
because of recurrent stenosis at this location. At the 
first operation, 6 of the 7 arteries were reconstructed 
with a greater saphcnous vein patch. One patient had 
two reoperations. At the first reoperation, a vein patch 
was placed but the concentric step stenosis was not 
removed. The stenosis progressed, requiring reopera- 
tion in 2 years. None of the seven primary CEA was 
performed with a shunt. Four of the 7 had endartcr- 
ectomy in addition to patch angioplasty. Systemic risk 
factors in these six patients were hypertension i all, 
continued cigarette smoking in five, hyperlipidemia in 
four and iabetes in two. Three specimens had fibrous 
atherosclcrosis with calcification. There was old intra- 
plaque hemorrhage in two specimens and new and old 
hemorrhage in one. One specimen was described as 
having proliferative intima with hyalinization. Fig. 3 is 
an arteriogram of one of these patients. In addition to 
the six patients who had reoperation, eight with a step 
_>2 mm were noted to have mild (<50%) restenosis by 
Doppler velocity criteria in the first 2 years after CEA. 
Five have been lost to subsequent follow-up, and the 
stcnosis has not progressed in three. Fig. 4 shows the 
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Fig. 5. Early postoperative duplex scan of reconstructed step. There is mildly tortuous but 
smooth flow channel. Top arrow is beginning of patch. Bottom arrow is step reconstruction. 
Common carotid external diameter measures 8.1 mm, carotid bulb external diameter 14.3 mna, 
and step thickness 2.5 mm. 
progression of common carotid step stenosis to the 
time of reoperation determined by duplex scan peak 
systolic velocity. The interval between CEA and 
reoperation was 6.7 + 2.2 years with a range of 2 to 
8.6 years. The early post-CEA peak systolic velocities 
were not shown in four patients because they were 
<100 cm/sec and would clutter the figure. Three of 
the six patients had symptomatic transient ischemic 
attacks, and one had a mild stroke from an ulcer just 
proximal to the severe stenosis. None of the 659 CEA 
without a step are known to have a significant recur- 
rent stenosis at this location (p < 0.001 when com- 
pared with 7 of 261 with a step >2 mm). 
Reconstruction. All 27 patients undergoing 
common carotid step reconstruction had early post- 
operative duplex scans. While it is difficult to quanti- 
rate the reconstructed artery geometry relative to 
what it would have been if no reconstruction had been 
done, most have a smooth blood flow transition zone 
across the step as illustrated in Fig. 5, 
DISCUSSION 
The results of this study indicate that the incidence 
of early post-CEA neurologic events frona an unre- 
constructed common carotid step is approximately 
1%. Since the etiology of some perioperative neuro- 
logic defects are unclear or unknown, it is possible that 
symptomatic emboli from this frequently produced 
residual defect are more common. Perhaps just as 
important is the 2% to 3% incidence of significant late 
restenosis at the location of a step. Because the rate of 
long-term follow-up of CEA with duplex scanning is 
generally low, the. true incidence of high-grade recur- 
rent common carotid stenosis may be higher. It 
remains to be determined if reconstruction tech- 
niques directed at covering the exposed intima and 
media of the step is beneficial in preventing or 
lowering the incidence of these two CEA complica- 
tions. 
Residual atherosclerotic disease and early recur- 
rent stenosis in the common carotid artery have been 
studied by several investigators. 4-7'1° By using ultra- 
sound, Green et al. s presented a detailed escription 
of this defect, identifying it in 117 of 686 (17%) 
arteries and dassifying it into two types. Type I is 
plaque proximal to the bulb with no stenosis and a 
normal Doppler ultrasound study. This occurred in 
61 (9%) of their cases. Type II is plaque proximal to 
the bulb with stenosis and an abnormal Doppler 
study. This occurred in 56 (8%) of their patients. They 
report hat type I steps did not progress to restenosis 
over a mean follow-up period of 21 months, whereas 
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5 of the 57 (9%) type II steps developed hemody- 
namically significant restenosis. Thcy also noted a 
higher incidence of type I and II residual defects in 
patients in whom a shunt was used. In our study, 11 
(4.2%) CEA with a common carotid step _>2 mm had 
mild early restenosis, and three of these subsequently 
required reoperation. None of the patients with 
restenosis requiring reoperation had a shunt placed at 
the original operation. 
In another large series, Reilly et al. ~° used duplex 
ultrasound to identify minor (1% to 40%) residual 
stenosis in the common carotid artery of 78 (60%) of 
104 CEA studied postoperatively. A major defect 
(41% to 60% stenosis)was found in 13 (10%). In 
addition, a flap was noted in 12 (11.5%) of 104. A 
figure in their study ~° is a duplex scan showing a 
common carotid step or sheik These authors uggest 
that systemic risk factors for restenosis may be more 
important than technical ones. They do not describe 
the residual defects as a shelf or step and did not 
quantitate it at CEA. Sawchuk et al., ~4 by using 
intraoperative B-mode ultrasound, reported that 9 
(11%) of 80 CEA had a common carotid artery step 
with a flap. Of these, seven resolved and two devel- 
oped mild residual stenosis. Similarly, O'Donnell et 
al.6 identified early recurrent stenosis in the common 
carotid artery in 9 CEA (3.3%). They reported this 
finding to be a probable accentuation ofthe preexist- 
ing plaque. Two of the nine recurrences occurred 
after 4 years. In a detailed report of carotid restenosis, 
Clagett et al. 7 identified the zone of the common 
carotid end point as the second most common loca- 
tion of restenosis after CEA with an incidence of 9% 
(3 of 32). A figure in their paper shows a typical shelf 
or step with a probable flap. They recommend vein 
patch angioplasty reconstruction to widen the cir- 
cumference in the step zone. While I completely agree 
that patients with a common carotid step >2 mm 
should have patch reconstruction, 6 of the 7 arteries 
requiring reoperations in our study had greater saphe- 
nous vein patch reconstruction beginning 4 to 6 mm 
proximal to the step. This patch may be beneficial in 
decreasing the incidence of early restenosis but does 
not appear to prevent late recurrence. H0wevcr, 
because the true incidence of both early and late 
recurrent stenosis at the common carotid step is 
unclear, it is advisable to reconstruct CEA with a patch 
that extends 4 to 6 mm proximal to a step >2 ram. 
A number of authors report an incidence of 
high-grade and symptomatic recurrent stenosis of 2% 
to 6%. ~ ~-~4 However, these studies did not address the 
location of the restenosis. DeGroote t al. ~s reported 
the development ofrestenosis to be a continuum over 
an 8-year follow-up period, with a 32% probability of 
a hemodynamically significant recurrent stenosis in 7 
years. Shorter-term follow-up studies do not indicate 
that this finding is the case. However, the results of 
this study suggest that, although the incidence is low, 
significant restenosis at a common carotid step may 
develop rapidly after a dormant period of_>4 years. 
While it cannot be proven that symptomatic early 
postoperative emboli originate on or from a common 
carotid step, it is quite likely and the incidence may be 
higher than reported herein. The unexplained early 
postoperative neurologic events in this study are 
attributed to the common carotid step because no 
other technical or anatomic ause could be identified. 
This attribution does not prove that the events were 
produced by emboli from the step. However, careful 
analysis of the course of CEA, the findings, recon- 
struction, and validation by experienced surgeons 
should explain most events, '16 It is difficult not to 
produce at least a small dissection plane between the 
residual intima-media cut edge and the deep media- 
advcntitial wall when circumferentially completing 
the common carotid artery end point. This potential 
for mobility and the oscillating pressures and wall 
shear stress gradients in this zone of disturbed flow 
may promote both dislodgement of components of 
the exposed intima and media and formation of 
platelet-fibrin thrombus. Exposed intima and media 
are known to be thrombogenic surfaces. The presence 
of a mobile flap at the leading edge of the common 
carotid end point, as often seen on early postoperative 
ultrasound scans, suggests the possibility that the 
underlying plaque components may have dislodged 
and become mbolic. A characteristic rise or lip at the 
leading edge of an unreconstructed common carotid 
stcp is frequently seen on post-CEA duplex scans even 
though it was not present at completion of the 
operation. Bandyk et al. 17 have described isturbed 
flow patterns in the common carotid bulb as an 
indication of residual comnlon carotid disease and a 
harbinger of recurrent stenosis in this area. The depth 
of the step is a major determinant of both the degree 
of disturbed flow and the amount of diseased artery 
exposed. In this study, no attempt was made to 
quantitatc the disturbed flow at the step, but it was 
frequently visualized on color flow duplex scanning 
just distal to the step. The velocity values reported are 
from the central flow channel. 
Restenosis at this location is not an unexpected 
finding. Exposed media smooth muscle in a zone of 
disturbed flow with prolonged transit times and 
oscillating wall shear stresses are harbingers l~br the 
development of both myointimal hyperplasia nd 
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atherosclerosis progression. While CEA patch recon- 
struction does not prevent severe late restenosis, as 
i l lustrated by the results o f  this study, it probably 
lowers the incidence o f  detectable arly restenosis 
because of  the increased diameter. I t  may also de- 
crease the degree o f  d isturbed flow. The early reste- 
nosis rate reported herein is lower than that in studies 
in which pr imary closure was used. TM 0 The reason for 
development  o f  late restenosis at the location o f  the 
step in four patients in whom there was no elevated 
peak systolic velocity for 4 years is unclear. F low 
disturbances in the common carotid bulb just distal to 
a step >2 mm are easily observed on color flow 
scanning. Perhaps the late development is similar to 
disease observed in the internal carotid bulb after 
many years o f  disturbed flow but no stenosis. 
The reconstruct ion methods described have been 
used by other surgeons in carotid and other arteries 
and are unproven in preventing embol i  and reste- 
nosis. In theory, inversion plication o f  the step sta- 
bilizes and secures the dissection plane at the base, 
covers the exposed intima and media surfaces and 
changes the geometry  to provide a more streamlined 
flow channel. This method,  in combinat ion with 
patch reconstruct ion that begins 4 to 6 mm proximal 
to the reconstructed step, gently redirects the flow 
stream into the carotid bulb and can be quicldy and 
easily performed.  Covering and securing the step 
should help prevent d is lodgement of  atherosclerotic 
debris and is advisable to steps >2 mm in thickness. 
Whether  step reconstruct ion decreases the incidence 
o f  restenosis at this location is unknown. Because of  
the low incidence o f  significant common carotid 
artery restenosis and its late appearance in some 
patients, reconstruct ion will require long-term 
fol low-up in many patients to determine its value, if 
any, in preventing restenosis. 
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